suggesting that females invest less in eggs when expecting male assistance.
23
Furthermore, broods laid in the presence of a male gained more weight during 24 parental care, and they did so at the expense of male weight gain. Contrary to our 25 expectations, males cared less for broods laid in the presence of a male. Our 26 results provide experimental evidence that females can alter male behavior during 27 breeding by adjusting maternal effects according to prenatal conditions. However, 28 rather than increasing the male's parental effort, females appeared to suppress the 29 male's food consumption, thereby leaving more food for their brood. In biparental species, sexual conflict arises as each parent attempts to minimize its 32 personal effort. Most work has focused on how this conflict is resolved through 33 symmetrical decisions between parents. We investigated whether females can 34 influence male decisions by altering the offspring's phenotype via the eggs. We 35 manipulated the prenatal presence of the male, performed a cross-fostering 36 experiment, and monitored the subsequent effects on offspring and parent 37 performances. Offspring laid in presence of a male were smaller at hatching.
38
Additionally, males lost more weight when with larvae laid in presence of a male.
39
Our results show that females can manipulate male behavior, suggesting that
Introduction

43
In species where parents cooperate to care for their joint offspring (as long as there 44 is scope for divorce and/or re-mating following the partner's death), there will be 45 sexual conflict over parental care with each parent being under selection to 46 minimize its own effort and shift as much as possible of the workload to its partner 47 (1). Previous empirical and theoretical work has focused mainly on three behavioral 48 mechanisms that may mediate the resolution of this conflict (1, 2). First, incomplete 49 compensation occurs when each parent increases its level of care in response to a 50 reduction in its partner's contribution, but such that it does not fully correspond to its 51 partner's reduction (3). Second, matching occurs when each parent adjusts its level 52 of care to its partner's contribution by matching any increase or reduction in its 53 partner's contribution in the same direction as its partner (4). Third, sealed bids 54 models assume that each parent makes an initial fixed decision about how much 55 care to provide irrespective of its partner's decision (5). There is some support for 56 all three mechanisms from experimental studies on birds and other taxa (e.g. 57 negociation: 6, matching: 7, sealed bid: 8). However, a meta-analysis of mate 58 removal and handicapping experiments on birds found overall support for 59 negotiation (2).
60
Our current understanding of the resolution of sexual conflict suggest that 61 males and females employ the same behavioral strategies for resolving conflict 62 (e.g., negotiation) (9). However, given that females produce the eggs, they might 63 use their control over egg production as a mechanism for biasing conflict resolution 64 in their favor. In many species, females deposit hormones and/or nutrients into the 65 eggs that alter the offspring's behavior or development (9-11), thereby providing a 
Results
114
We find evidence for prenatal maternal effects due to the presence or absence of 115 the male during laying on offspring size at hatching. Females that laid eggs in the 116 presence of a male partner produced larvae that were 3.4% lighter at hatching than 
157
There were no significant effects of prenatal maternal effects on either the number 158 of dispersing larvae or average larval weight (respectively F1,58 = 2.04, P = 0.158; 159 F1,57 = 2.69, P = 0.106, table S1), suggesting that the greater brood weight when 160 eggs were laid in the absence of a male was due to a relatively small increase in 161 both number of offspring and average larval weight. We also found that broods that 162 were heavier at dispersal were heavier at hatching (Fig. 3) suggests that the maternal effects on postnatal brood weight were strong enough to 166 override the initial differences in weight at hatching, which were in the opposite 167 9 direction from those at dispersal. We then added male weight gain to the model on 168 brood mass to examine whether the maternal effects on male weight change 169 explained why broods derived from eggs laid in the presence of a male were 170 heavier at dispersal. We found that male weight change had a highly significant 171 effect on brood weight (Estimate±SE = -9.93±2.81, F1,58 = 12.5, P = 0.000810; table 172 S4), and when we included male weight change, the effect of treatment was no Males might also respond to prenatal maternal effect indirectly, by responding to the 250 female's response to the offspring phenotype. We found no evidence for this 251 suggestion, as females did not respond to prenatal maternal effects in our study.
252
Our study raises a key question: why should males allow themselves to be 253 manipulated by females? After all, if females use maternal effects to enhance their 254 own or their offspring's fitness at the expense of male fitness, we should expect 255 males to be under selection to evolve a counterstrategy to such manipulation (11).
256
In a recent paper, we distinguish between deception, where maternal effects 257 somehow bias the male's behavior away for his own optimum, and incentivization, 258 where maternal effects somehow alter the cost/benefit function of male behavior (9).
259
It is unlikely that deception would be evolutionarily stable because males should 260 simply evolve to ignore manipulating maternal effects. In contrast, incentivization 261 might be evolutionarily stable because maternal effects alter the benefits and/or 262 costs of male behaviors, inducing a change in the male's optimal behavior (9, 31).
263
For example, by depositing hormones into eggs, females might alter the offspring's 264 physiology and growth trajectory, thereby incentivizing males to consume less food 265 for themselves to achieve their cost/benefit optimum. 
Methods
278
General procedure 279 We used virgin beetles from an outbred laboratory population maintained at the Cross-fostering procedure 286 We weighed males and females at the beginning of the experiments to record their 287 prebreeding mass. We then placed each pair into a plastic box (110 x 110 x 30mm) 288 with 10mm of moist soil for about 24h to allow all experimental females to be 289 fertilized by a male. We randomly placed either both parents (n = 72) or females The eggs from both treatments were left to develop in the original box.
299
Larvae hatching from eggs left in the original containers were used to 300 generate experimental foster broods. As soon as possible after their own larvae 301 began to hatch, we provided pairs of breeding beetles with experimental foster 302 broods that differed with respect to whether they hatched from eggs laid in the 303 presence or absence of a male. All experimental broods were comprised of 20 304 larvae from at least 2 different donor pairs that were not the larvae's foster parents.
305
We gave caring parents 20 larvae to match the mean brood size in this species 306 (33). We weighed the larvae before placing them on the carcass as a measure of 
Behavioral observations
318
In order to cover the whole period of parental care (23), we conducted three 319 observations on each pair. We first conducted behavioral observations of parents 320 1h (±15min) after generating the experimental brood, which is when maternal 321 effects are likely to be most pronounced (32, 35). We then conducted observations 322 after 25h (±15min), which corresponds to the peak in parental care and offspring 323 begging (23). Finally, we conducted observations after 49h (±15min), which is just 324 before larvae become nutritionally independent (23). We used instantaneous 
Statistical analyses
346
All statistical analyses were conducted using R (38). We used linear models (lm 347 function in stats) except for the behavioral data where we used generalized linear 348 models for zero inflated negative binomial distributions (glmmadmb function in 349 glmmADMB) and for the offspring's adult size where we used linear mixed models
350
(lme function in nlme) given that we measured one male and one female per brood.
351
For survival analyses we used survival models (function survreg and coxph in the 
